Abstract.-The protein release factors, R1 and R2, bind to ribosomes in response to specific terminator codons (R1 to UAA or UAG, R2 to UAA or UGA). In reactions containing ribosomes, the tritiated oligonucleotide UA[3H](A)2 is retained on nitrocellulose filters in response to either R1 or R2, and UA[3H]G in response to Rl. These results indicate that an R-terminator codon. 70S ribosome intermediate occurs during terminator codon recognition and suggest that protein release factors R1 and R2 recognize terminator codons.
protein release factors: R1 active with UAA or UAG, R2 with UAA or UGA.2 In these studies, we report a means of directly assessing terminator codon recognition which requires R factors, tritiated oligonucleotides, and ribosomes. A release factor* terminator codon-ribosome intermediate is formed which is stabilized with 10 per cent ethanol, and detected by the retention of tritiated terminator codons on nitrocellulose filters. The results suggest that protein release factors recognize mRNA terminator codons on ribosomes.
Methods. Release assay: The fMet-tRNAf, release factors, ribosomes, and fMet-tRNAf-AUGribosome complex are prepared as previously described. (Fig. 3A-D) . The tritiated trinucleotide binding is inhibited by Na+ or K+. Inhibition by Na+ is similar to the effect on aa-tRNA codon recognition; inhibition by K+ is not observed for aa-tRNA codon recognition. 8 Although it is possible to elute ribosomes and intact tritiated terminator codons from the nitrocellulose filter after performing the binding reaction, it has not been possible to elute the active R factor. Therefore, a direct demonstration of an R * terminator codon -ribosome complex using this technique has not been possible. However, the binding of R factors to ribosomes in response to terminator codons is shown in Table 3 . Reactions containing ribosomes, 10 per cent ethanol, and -YI R1 or R2 were incubated at O'C in the presence of each nonradioactive terminator codon, and separated into ribosomal and supernatant fractions by centrifugation. The release activity of each fraction was determined in the presence of UAA. The codons UAA and UAG but not UGA direct the binding of R1 to ribosomes; UAA and UGA but not UAG direct the binding of R2 to ribosomes.
In other studies, the simultaneous demonstration of R1 and UA[3H]G in the ribosome pellet has also been possible. Therefore, the ribosomal binding of R factors occurs in response to terminator codons with the same specificity as previously described. Furthermore, since R1 bound with UAG and R2 bound with UGA are active in the presence of UAA, a single R factor is active with two terminator codons.
Earlier studies had suggested that R factors compete for ribosomal binding sites.2 In Table 4 , the Ri-directed binding of UA [3H ]G to ribosomes is inhibited by R2 and UGA. The results suggest that the ribosomal site of attachment for both R1 and R2 is at least partially the same.
Prior studies have shown that antibiotics which inhibit either tRNA codon recognition or the peptidyl transferase reaction inhibit the R1, UAA-directed release of f[3H]methionine.2 Table 5 10 The simplest interpretation of the reported data is that Ri and R2 are the recognition molecules for terminator codons.
Since R factors have characteristics of proteins' and are unaffected by RNase A and T1 RNase,", 11 terminator codons apparently are recognized by a protein nucleic acid interaction. The characteristics of terminator codon recognition and aa-tRNA codon recognition have many similarities as determined by codon specificity,' and template activity of analog codons.'2 Protein recognition of nucleotides has been described for ribonucleases, 13 and protein recognition of nucleic acids in the cases of aa-tRNA synthetases, DNA and RNA polymerases, repressors, and antibodies. ' Release factors are apparently an example of trinucleotide recognition. Although further study is required to define the R factor sites essential for terminator codon recognition, alkylation of R factors with N-ethylmaleimide has been found to inhibit R factor directed binding of radioactive codons.
The requirement of terminator codon for both the binding of R factor to ribosomes and the release of fmethionine suggests release occurs subsequent to the formation of an R terminator codon. 70S -AUG. fMet-tRNAf intermediate. Sparsomycin and amicetin inhibit release without inhibiting terminator codon recognition. Whether or not these antibiotics, known to inhibit the peptidyl transferase reaction,'4 effect an event common to peptide bond formation and peptide release is unresolved at this time.
This report focuses on the recognition of terminator codons independent of release; recently, methods have been developed for the study of release independent of codon recognition. These in vitro approaches to the study of peptide chain termination dissect codon recognition and peptide release. Such approaches should be useful in defining the role of S protein3' 16 and other possible intermediate events in peptide chain termination.
